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Objective: Records for all patients in Ontario who underwent elective repair of abdominal aortic aneurysms (AAAs) or
repair of ruptured AAAs between 1993 and 1999 were studied to determine whether the profile of surgeons or patients
changed and to determine whether postoperative mortality changed over time. The secondary objective was to describe
long-term survival after AAA surgery.
Methods: A population-based retrospective cohort was assembled from administrative data. Surgeon billing records were
used to identify operations performed between 1993 and 1999. 2 and linear regression analyses were used to determine
whether variables changed over time. Kaplan-Meier survival curves were used to estimate long-term survival.
Results: For patients undergoing elective AAA repair, average annual surgeon volume (P < .0001) and proportion of
patients operated on by vascular surgeons (P .02) increased over the study period; similar trends were noted for patients
undergoing repair of ruptured AAAs. Surgeon volume was clearly correlated with mortality after both elective AAA repair
and repair of ruptured AAAs; however, the benefit of this effect was modest beyond a surgeon volume of 6 to 10 ruptured
AAA repairs per year or 20 to 30 elective AAA repairs per year. No change in crude 30-day mortality (4.5% for elective
AAA repair and 40.4% for repair of ruptured AAAs) was noted during the study.
Conclusion: Despite the finding that surgery to repair ruptured AAAs and elective repair of AAAs is being increasingly
performed by high-volume vascular surgeons, there was no change in early mortality between 1993 and 1999. This may
have been because average surgeon volume was already relatively high at the beginning of the study period, which
translated into only modest benefit to further increases in surgeon volume. (J Vasc Surg 2004;39:1261-7.)Multiple studies and one meta-analysis of 50 studies
have examined temporal trends in early mortality after
elective repair of abdominal aortic aneurysms (AAAs) or
repair of ruptured AAAs.1-9 The results have varied. Most
studies have concluded that early mortality has not changed
over time,1-7 although some have found improvement.8,9
However, factors known to influence mortality, such as
patient age, comorbid conditions, average surgeon volume,
and surgical training, may also be changing over time.
The purpose of this study was to use a large, popula-
tion-based administrative data set to determine whether
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age age, gender, or comorbidity, or surgeon characteristics,
such as case volume or fellowship training. We then sought
to determine whether these changes were reflected in mor-
tality associated with elective repair of AAAs and repair of
ruptured AAAs between 1993 and 1999.
Our hypothesis was that if average annual surgeon
volume increases and a greater proportion of patients are
operated on by vascular surgeons, overall mortality after
surgery should decrease. Our secondary objective was to
define the long-term survival of patients after elective AAA
repair and repair of ruptured AAAs, using a database that
includes all AAA repairs in a large population.
METHODS
The Ontario Health Insurance Plan (OHIP) database,
which captures 95% of surgeon billings, was used to identify
all patients who underwent either elective AAA repair or
repair of ruptured AAAs. Elective AAA repairs (R802,
R816 or R817) and repair of ruptured AAAs (E627) were
identified by unique codes in the database. The available
data spanned the time from January 1, 1993, to December
31, 1999. Ethics approval was obtained from the institu-
tional review board.
Data sources. Data were obtained from four sources:
the Canadian Institute for Health Information database,
which contains discharge abstracts for all patients admitted
to hospitals in Ontario; the OHIP database, which captures
physician billing; census data; and the Ontario Physician1261
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fellowship training status of all physicians in Ontario. These
data sources were linked with an anonymous unique iden-
tifier. Variables considered are listed in the Table.
Patient factors. Information on patient age and gen-
der was gathered from census data. Information on individ-
ual patient income was not available. We used postal codes
and average income according to neighborhood, which is
contained in census data, to approximate individual in-
come, by applying the neighborhood average to all resi-
dents in that area. The population was then divided into
roughly equal quintiles for analysis. Comorbidity was quan-
tified with the Charlson Comorbidity Index,10 which was
calculated on the basis of preoperative comorbid conditions
entered in hospital discharge abstracts and recorded in the
Canadian Institute for Health Information database.11
Surgeon factors. Annual surgeon volume was calcu-
lated by enumerating the number of cases a given surgeon
performed in a given year, from the OHIP database. The
median volume of cases per year was used to separate
Change in characteristics of AAA repairs over time
Parameter 1993 1994 1995
Elective AAA repair
Number of cases 1584 1500 1474
Crude 30-day
mortality
3.5 5.0 4.8
Crude 1-year
mortality
9.7 10.8 9.3
Mean age (y) 70.4 69.8 70.5
Mean Charlson
Comorbidity
Index
.59 .60 .58
Gender (% male) 85.2 86.0 88.9
Mean income
quintile
2.9 3.0 3.0
Mean surgeon
volume of elective
AAA cases
25.2 25.4 27.1
% Performed by
vascular surgeons
61.2 60.5 67.5
Ruptured AAA repair
Number of cases 317 328 320
Crude 30-day
mortality
42.5 39.5 41.9
Crude 1-year
mortality
47.6 45.9 46.1
Mean age (y) 71.2 71.9 72.1
Mean Charlson
Comorbidity
Index
.65 .63 .64
Gender (% male) 82.6 82.6 82.5
Mean income
quintile
2.8 2.8 2.9
Mean surgeon
volume of
ruptured AAA
cases
5.2 6.2 5.3
% Performed by
vascular surgeons
57.2 56.6 64.4
AAA, Abdominal aortic aneurysm.
*Represents trends over time.surgeons into high-volume and low-volume categories.
The fellowship accreditation status of all physicians in On-
tario is available in the Ontario Physician Human Resources
Data Center. After-hours repairs were defined as those
operations performed on week nights between 6:00 PM
and 7:00 AM, weekends, and holidays, and were deter-
mined with a supplemental fee code (E409 or E410) in the
OHIP database. The year the operation was performed was
determined by the date of admission.
Statistical analysis. Linear regression and the Mantel-
Haenszel 2 test for trend were used to determine whether
patient and surgeon characteristics, as well as 30-day and
1-year survival, changed over time. Both 30-day and 1-year
mortality were examined so that early and late complica-
tions could be considered. Logistic regression analysis was
used to adjust crude mortality for patient age, Charlson
Comorbidity Index score, surgeon volume, surgeon train-
ing, and whether surgery was performed after hours. All
statistical analysis was performed with the SAS statistical
package, version 8.2 (SAS, Chicago, Ill), with an  level of
1996 1997 1998 1999 P*
494 1521 1577 1538 .80
4.7 4.6 4.5 4.5 .48
9.8 9.1 8.8 8.3 .032
70.6 70.5 70.9 70.9 .0174
.67 .59 .62 .62 .22
88.6 88.1 88.2 88.3 .79
3.0 3.0 2.9 3.0 .25
27.3 27.1 28.0 32.4 .0001
67.6 66.3 68.3 69.2 .0215
340 338 318 319 .95
40.4 38.2 39.8 40.7 .89
46.6 46.0 48.1 53.0 .17
72.1 71.7 72.9 72.5 .0223
.72 .66 .69 .71 .80
81.1 82.2 80.8 78.4 .15
2.8 2.9 2.8 2.8 .90
6.0 5.9 7.1 6.4 .0001
61.7 58.9 63.2 63.4 .771
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vival estimates were used to generate survival data. Means
or proportions for all significant variables were examined
for each year of the study.
RESULTS
Elective AAA repair. We identified 10,688 elective
AAA repairs, with an overall crude 30-day mortality rate of
4.5%. The mean annual volume of cases was 1526  41,
and did not change over time (P  .80; Table).
Patient age (P  .017), annual surgeon volume (P 
.0001), and proportion of operations performed by vascu-
lar surgeons (P .016) all increased significantly over time.
The increase in average age between 1993 and 1999 was
small (70.4  7.5 vs 70.9  7.7). Age was also broken
down into subgroups. The increase in percentage of pa-
tients older than 75 years was also modest, from 25.9% in
1992 to 29.2% in 1999.
Surgeons were defined as high-volume (24 cases per
year) or low-volume (24 cases per year), according to
whether they performed greater than or less than the me-
dian annual case volume for surgeons in the study. The
proportion of patients operated on by high-volume sur-
geons increased from 43.2% in 1993 to 57.9% in 1999 (P
.0001; Fig 1). The proportion of patients operated on by
vascular surgeons increased slightly, whereas those oper-
ated on by general or cardiovascular surgeons decreased
over time (P  .0215; Fig 2).
Annual surgeon volume was plotted against crude and
adjusted 30-day mortality (Fig 3). Although significant
variation exists, lower mortality was clearly associated with
higher surgeon volume (for crude data, r  0.50; P 
.01). However, decreases in mortality above annual sur-
geon volume of 20 to 30 cases per year were modest.
Fig 1. Surgeon volume by year for repair of ruptured ab
 .0001).Ruptured AAAs. The 30-day mortality rate for the
2280 repairs of ruptured AAAs identified was 40.4%. The
mean annual volume of cases was 325  10, and there was
no change over time (P .95). In addition, the proportion
of all repairs that were due to ruptured AAAs did not
change significantly over time (P  .70).
Age (P .02) and annual surgeon volume of ruptured
AAA repairs (P  .0001) increased over time. Surgeons
were divided into a low-volume group (5 cases per year)
or a high-volume group (5 cases per year) according to
whether they operated on more or fewer than the median
annual case volume for surgeons in the study. There was a
clear trend over time, with a higher percentage of patients
being operated on by high-volume surgeons in more recent
years (P  .0001; Fig 1). There was no significant increase
in the proportion of patients operated on by vascular sur-
geons (P  .77).
Annual surgeon volume of ruptured AAAs was plotted
against crude and adjusted 30-day mortality (Fig 4). Again
there was a clear relationship between increasing surgeon
volume and decreased mortality (for crude data, r.65;
P  .01). However, decreases in mortality beyond 6 to 10
cases per year were modest.
Survival. There was no statistically significant change
in either crude 30-day or 1-year mortality after ruptured
AAA repair (P  .89 and P  .17, respectively; Fig 5).
Similarly, there was no statistically significant change in
30-day mortality over time (P  .48) after elective AAA
repair (Fig 5). However, crude and adjusted 1-year mortal-
ity after elective repair of AAAs decreased slightly (P  .03
and P  .007, respectively). The Kaplan-Meier estimate of
survival at 5 years after elective AAA repair was 66.1%, and
after repair of ruptured AAAs was 37.9% (Fig 6).
nal aortic aneurysms (P .0001) and elective repairs (Pdomi
epair
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The survival rates after ruptured and elective AAA
repair found in this large population-based study were
similar to those reported in other studies.12-15 There was
no change in 30-day or 1-year mortality after surgery to
repair ruptured AAAs between 1993 and 1999, and no
change in 30-day mortality after elective AAA repair. How-
ever, crude and adjusted 1-year mortality after elective AAA
repair improved slightly. During this time there was a
significant increase in average surgeon volume of elective
AAA repairs and repairs of ruptured AAAs, and an increase
in the proportion of elective AAA repairs performed by
vascular surgeons. Mean age of patients undergoing elec-
tive and ruptured repair increased slightly. Higher surgeon
volume is associated with decreased mortality, and older
Fig 2. Surgeon specialty by year for elective r
Fig 3. Thirty-day mortality after elective repair of abdom
for all other significant variables.patient age is associated with increased mortality.2,9,16-24
Surgery by vascular surgeons, compared with general sur-
geons, is also associated with improved outcome.20,22 Nev-
ertheless the increase in patient age was small, and despite
clearly increased average surgeon volume mortality did not
change. One possible explanation, which is supported by
our data on surgeon volume versus mortality, is that even in
the early years of the study average surgeon volume was
high enough that further increases had a minimal effect on
mortality.
The annual number of elective AAA repairs or repairs of
ruptured AAAs performed in Ontario did not increase,
despite an increase in population. There are a number of
possible explanations. The population could be healthier,
leading to fewer AAAs, but this seems unlikely. Few endo-
of abdominal aortic aneurysms (P  .0215).
aortic aneurysms by annual surgeon volume. *Adjustedinal
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Surgeons may be waiting longer before operating on pa-
tients with known AAAs, perhaps under the influence of
two recent studies that found no compelling benefit to
repair of small asymptomatic AAAs.12,13 Although these
studies were only published within the last 5 years, surgeons
may already have been questioning the need to repair small
AAAs.
The greater proportion of surgery performed by high-
volume vascular surgeons is not surprising. Recently
Fig 4. Thirty-day mortality after repair of ruptured abdo
for all other significant variables.
Fig 5. Crude 30-day and 1-year mortality for elective
aneurysms, by year.trained general surgeons are unlikely to include vascular
surgery in their practice, so as the older generation of
general surgeons retires, an increasing number of AAA
repairs will be done by vascular surgeons.
The limitations of this study must be acknowledged.
The study was retrospective and used administrative data to
identify patients with AAA repair and to determine their
characteristics and outcome. Although some patients who
were coded as having undergone AAA repair may not have
had surgery, the frequency of this is likely very low, because
l aortic aneurysms by annual surgeon volume. *Adjusted
ominal aortic aneurysm repair and repair of rupturedminaabd
error
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survival rates found in this study are similar to those of other
studies is reassuring. The major limitation of these admin-
istrative data is the lack of clinical detail. In particular, we
have no information about aneurysm anatomy such as
infrarenal or juxtarenal, which may have changed over time,
or about important predictors of survival, such as blood
pressure at admission for repair of a ruptured AAA. The
Charlson Comorbidity Index, although not so sensitive as
preoperative creatinine concentration or left ventricular
function, has been a good predictor of outcome in many
other studies.10,11,25-27 Age, an important risk factor for
mortality, is accurately coded in the databases. Annual
surgeon volume for both elective AAA repair and repair of
ruptured AAAs was relatively high at the beginning of the
study. This may have resulted in limited benefit to modest
increases in average surgeon volume. These limitations are
outweighed by the strengths of the study, which was pop-
ulation-based, large, and used appropriate multivariate
techniques to adjust for confounding variables.
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